Grazing Capacity and Stocking Rate DEE GALT, FRANCISCO MOLINAR, JOE NAVARRO, JAMUS JOSEPH, AND JERRY HOLECHEK

Harvest Co~fficierzt Selection
The harvest coefficient is the percentage of total forage produced that is assigned to grazing animals for consumption. Holechek (1988) bases harvest coefficient selection on various stocking rate studies from different range types. For most arid and semi-arid areas, a harvest coefficient of 35% would be selected while 50% would usually be used for annual grasslands and humid areas.
An alternative, more simple approach involves assigning 25% of the forage to livestock, 25% to wildlife and natural disappearance, and 50% for site protection. This procedure is obviously more restrictive.
We have had the opportunity to make detailed evaluations of actual forage use when the Holechek stocking procedure was applied on several New Mexico rangelands. Consistently, actual measured use has been 10-15% higher than the intended use. We attribute this to livestock trampling, wildlife consumption, and weathering. On Chihuahuan Desert rangelands, Paulsen and Ares recommended that stocking levels be set for 35% use of perennial grasses. However, they noted that the harvest coefficient must be set at 30% to obtain 35% use because of trampling, wildlife, and weathering losses. Past and recent research has confirmed this wisdom.
Over an 8 year period, pastures on the Chihuahuan Desert Rangeland Research Center in south-central New Mexico assigned a 30% harvest coefficient, carried nearly as many cattle as those ascigned a 40% harvest coefficient. This was because conservatively stocked pastures produced more forage in drought years and required less destocking. There has also been a 5ubstantial improvement in ecological range condition and forage production on the conservatively stocked pastures over time. Cattle productivity was substantially higher in the conservatively stocked pastures.
We increasingly hold the opinion that a 25% harvest coefficient is a sound idea for most western rangelands. After careful analysis of their own and existing research, Johnston et al. recommended a 25% harvest coefficient for Australian rangelands. It allows both forage species and livestock to maximize their productivity, allows for error in forage production estimates. greatly reduces problems from buying and selling livestock, reduces the risk of financial ruin during drought years, and promotes multiple use values.
In the Chihuahuan Desert of New Mexico, the rancher who routinely stocks at capacity based on a 25% harvest coefficient will need to liquidate or dry lot feed about one half their herd in 2 years out of 10 (Table 1 ). In contrast, the rancher using a 35% harvest coefficient will need to completely destock in 2 years out of 10 and partially destock in another 1-2 years. We acknowledge that ranchers in the more humid Great Plains rangelands may do better with a 35% than 25% harvest coefficient because of less annual variation in forage production.
The authors research and experience across a variety of landscapes, ranches, and countries shows a 25% harvest coefficient is the surest way to avoid chronic forage deficits and land degradation. Any financial advantages of higher harvest coefficients become doubtful in arid and semi-arid areas if a 10 year or more time horizon is used.
The real problem is that few ranchers have the skills or timellabor resources to annually quantify forage production. Unless this is done, use of higher harvest coefficients than 25% invariably leads to land degradation and severe financial losses when drought occurs because of rancher reluctance to destock. These losses can quickly eliminate any accumulated benefits of more efficient forage use. Unused forage in wet years provides a reserve of forage for drought and increases plant vigor and soil water infiltration. Rather than a waste, we see it as an investment in the future. New Mexico research shows conservative stocked rangelands produced nearly 50% more forage than moderate stocked rangelands in drought years. Studies from other range types validate these findings. Early studies showed unused residue can increase forage production by 50% or more compared to areas where it is removed by grazing. Some o f the most successful ranchers we have encountered have their operations in the Chihuahuan Desert of northern Mexico. Although we found none of them ever took any classes in grazing management, this family has well over 100 years of ranching experience. They are firm believers in light to conservative use of their forage and well distributed watering points. This allows them to maintain their herds with little destocking in the worst of drought years. They shuffle their cattle around to where forage growth is best by manipulating access to water resources. We were amazed at how good their rangeland and cattle looked in the dry years of the mid 1990's (Figure 1 ).
Heitschmidt and Walker suggested that plant species composition does not impact society's acceptance of a given grazing practice nearly as much as amount of standing biomass, ground cover, number of fecal patties, and so on. They believed grazing technology in the 21st century will depend heavily on managing residue levels to insure a variety of multiple use values. We believe the 25% harvest coefficient accomplishes this goal quite well.
Slope Adjustments
Although the need to adjust grazing capacity for distance from water and slope has long been recognized, Holechek (1 988) provides the first formal procedures for these ad.just- ments we have found in the literature. His reductions are well supported by previous and present research. Most recently, the United States Department of Agriculture-Natural Resources Conservation Service has adopted Holechek's guidelines. His guidelines involve no reduction for 0-10% slopes, 30% reduction for 11-30% slopes, 60% reduction for 31-60% slopes, and 100% reduction for slopes over 60%. In our grazing capacity surveys in New Mexico we have found Holechek's guidelines to work quite well when actual use was checked against intended use. However, we do believe ranchers who obtain more uniform use of rugged terrain than would be expected should be given some flexibility on slope reductions if they document pasture use patterns.
Educational Benefits
In our opinion, one of the greatest benefits of a grazing capacity survey is that it creates an opportunity to educate ranchers on range management. During their participation in designing and implementing the survey, most new and many experienced ranchers greatly improve their capability to make sound stocking rate decisions.
From this point, the next steps are establishing a program for rangeland monitoring and a plan to deal with drought. Utilization levels can be practically monitored by the rancher. Through use of the key sites that are representative of the pasture and 0.75 to 1.00 mile from water, qualitative grazing intensity assessments can be made. Percent use of forage can be determined by general appearance of the range at the end of the grazing period. Intensity can also be substantiated by stubble height measurements of key forage species and weight estimates of forage residues remaining on the land. Rain gauges distributed over the pasture can be helpful in assessing forage production and managing drought situations. A sound monitoring program provides many benefits to livestock producers over the long term. It is our experience when ranchers fully consider the problems associated with liquidating and reacquiring livestock during and after drought, their attitudes on stocking rate and grazing capacity change. They better accept the realities of arid land ranching and are more prone to select "safe" or conservative stocking rates.
Political Backdrop
It is our observation that the whole focus of range management on public and private lands from the 1950's through the 1980's has centered around keeping stocking rates as high as possible through ranch capitalization (water development, fence, brush control, seeding), often subsidized by the federal government. By the 1990's many ranchers were fully capitalized with water and fence.
Government subsidies for brush control and seeding on both public and private lands are now under intensive attack from environmental groups and are being questioned by members of the range management and ranching communities. Increased enforcement of the Endangered Species Act and the National Environmental Policy Act have made application of various range improvements on public lands more difficult. During the past 20 years brush encroachment has severely reduced forage production on many western rangelands where pinyon-juniper, sagebrush, and other shrubs had been controlled in the 1950's, 1960's, and 1970's (Figure 2 ).
During the early 1980's the Savory Grazing Method provid- ed hope that ranchers could increase their grazing capacity and stocking rates concurrently without use of brush control or seeding. Research has shown that it may not have any stocking rate or forage production advantages over other grazing systems that have been developed (Holechek et al. 1999) . Recently, more environmental leaders, range professionals, and ranchers have advocated conservative stocking as a winwin approach to concurrently increasing grazing capacity and multiple use values. Research showing that conservative stocking can be an effective, low cost way to increase grazing capacity is hardly new. Early studies convincingly showed its biological and financial benefits. The problem has long been that the idea of stocking reductions as a means to increased grazing capacity, has never played well with the ranching community. This is particularly true with large public land ranchers whose net worth and security of grazing privileges are closely associated with livestock numbers specified on their grazing permit. Various reforms have been proposed to remedy this problem, but so far none have been put into legislation.
In spite of resistance from some ranchers and range professionals, balancing animal numbers with existing forage supplies rather than expanding forage supplies through range improvements was increasingly used on public rangelands in New Mexico in the 1990's. Low cattle prices, rising ranching. costs, and reductions in range improvement cost sharing subsidies have caused many private land ranchers to consider and apply this same approach. Hence, the new emphasis on establishing grazing capacity and using it as a basis for range management decisions as we move into the 21" century.
Analysis and Implications
We believe that in the 21" century, various range management decisions on public and private rangelands will depend heavily on grazing capacity surveys. Over the past 10 years several similar scientifically based procedures for determining stocking rates and grazing capacity have been developed. They are becoming somewhat standardized on animal intake rates, forage production determination, key area selection, and adjustments for slope and distance from water. Many range professionals now advocate a 25% harvest coefficient when grazing capacity and stocking rates are assigned. We believe this idea has considerable merit for arid and semi-arid areas from vegetation, livestock production, and multiple use standpoints.
Grazing capacity surveys provide a basis for ranch value, annual adjustments in stocking rates, grazing fees on public lands, and may soon be used in administration of subsidies that promote conservative stocking. They can also play an important role in allocation of forage to livestock and wildlife. While a sound grazing capacity survey can help establish the number of livestock a ranch will support through time, it must always be recognized that grazing capacity may have little relevance to livestock numbers sustainable in a given year or 'group of years. Although a good grazing capacity survey can be helpful in many range management decisions, it should not become a replacement for information on range trend, grazing use, and range condition.
